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By M. C. Swingle, Division of Control Investigations, 
Bureau of Entomology and Plant Quarantine, 
U. S. Department of Agriculture 


The success of toxicological research in entomology is largely depend- 
ent on artificial methods of rearing suitable insects for testing purposes. 
This phase of the work must be thoroughly mastered before any serious work can 
be undertaken, and the problem often becomes complicated when the work is to be 
done through the winter in localities where the insects normally hibernate. A 
reliable method of rearing a suitable species in the laboratory or greenhouse 
is, therefore, of prime importance to those interested in studies of physiology 
and toxicology. 


The writer has had some experience in rearing insects in the laboratory, 
attended by reasonable success in the case of the following four species of 
Lepidoptera: The imported cabbage worm (Ascia rapae L.), the diamond—back moth 
(Plutella maculipennis Curt.), the southern armyworm (Prodenia eridania Cram.), 
and the greenhouse leaf tier (Phlyctaenia rubigalis Guen.). The imported cab— 
bage worm was reared throughout the year in the vicinity of Washington, D. C., 
where it normally hibernates in the pupal stage. The greenhouse leaf tier was 
also reared for one summer in a laboratory at Washington, but no effort was 
made to carry it through the winter. All four species were reared successfully 
in a laboratory at Sanford, Fla.1/ A description of the methods used will be 
‘given for what, they may be worth to others engaged in similar lines of work. 


Imported Cabbage Worm 


A greenhouse is necessary for rearing the imported cabbage worm because 
the adults require sunlight for normal activity. The larvae will develop nor- 
mally without sunlight, but the adults will rarely mate or oviposit in its ab-— 
sence. Incandescent lights have been tried to induce oviposition but with no 
positive results. An occasional fluctuation in temperature between 50° and 95° 
can be tolerated by the stock, but it is best to maintain the temperature be- 
tween 70° and 80° F. The insect is normally a hot-weather pest and develops 
very nicely at 85° but this temperature is somewhat too high for cabbage plants. 


Figure 1 is a drawing based on the system used in rearing the cabbage 
worm in a greenhouse. The space used is an ordinary plant bed 3 feet wide and 
from 25 to 30 feet long. The bed is filled with good loam soil, excepting that 
1/ The writer acknowledges the helpful suggestions of the members of the Sanford, Fla., 
laboratory of the Division of Truck Crop and Garden Insect Investigations, who were first to 
Garry on laboratory rearing of the southern armyworm and the greenhouse leaf tier. 


LS ae 


pertion which is filled with sand directly under the cage reserved for larvae. 
On one end of the bench is an oviposition cage for butterflies which is roughly 
2 by 3 by 4 feet in dimensions and has a small coor in one end. At each end of 
this cage a lantana plant is permanently set in the soil to provide flowers on 
which the acults feed. During about 10 days out of every 60 the plant bears no 
blossoms, but with two or three plants in the cage blossoms are practically al— 
ways assured. However, when the plants cease blooming they should be trimmed 
back to restrict their growth to a reasonable size. Between two lantana plants 
is an open space reserved for a young potted cabbage plant on which the butter— 
flies lay their eggs. Since the young larva eats the egg case from which it 
has just hatched, it is very often inclined to continue its feeding on other 
eggs that - have not yet hatched. To hold the destruction of eggs to a minimun, 
overcrowding of the eggs must be guarded against by changing the plant at least 
every 24 hours. When the plants are removed from this cage, they are tempo— 
rarily set in the open bed to await hatching of the eggs. 


seeds are planted periodically in the open bed between the cages to give 
a continucus supply of young cabbage plants akout 5 or 6 inches tall. These are 
transferred to pots as needed and placed in the oviposition cage. Cabbage is 
probably best for this purpose, although collards can be used also. Care should 
be taken to keep the plants free from aphids, as the butterflies do not seem to 
lay so readily on plants so infested, and the larvae hatching seem to suffer 
abnormal mortality. 


After 3 or 4 days in the egg stage the larvae hatch and are allowed to 
consume practically the entire plant, which is then broken off at the surface 
of the ground and laid on top of a large cabbage plant in the larval rearing 
cage. This cage is 3 feet square and 8 feet long and is covered with wire 
screen, which should be at least 18 or 20 mesh to exclude spiders and parasites. 
Two doors in the front of the cage give easy access to any part of it. Large 
cabbage plants that have not yet headed are dug up from an outside patch or a 
cold frame and planted in the sand in this cage. When these plahts are skel— 
etonized by the larvae they are replaced, care being taken to remove all the 
larvae from the discarded plants. When full grown, the larvae migrate from 
the plants and generally pupate on the wire screen at the top of the cage. It 
was noted that the majority of the larvae pupated in the shady end next to the 
headhouse. It might, therefore, be well to shade the cage, but it is not rec— 
ommended that any further hiding place be constructed. If the cage is unob- 
structed, the pupae can be easily examined and all diseased and parasitized 
individuals can be removed and destroyed. From healthy pupae adults emerge — 
directly into the larval rearing cage, where they are collected daily and trans— 
ferred to the oviposition cage for butterflies at the other end of the bench. 
A cage of this size will accommodate up to 150 adults, but for larger numbers 
additional cages should be constructed. Even for this number it may be neces— 
sary to place two potted cabbage plants in the cage. ; 


If the greenhouse is maintained at a temperature of 75° to 80° F. a com 
plete generation will occur about once a month. In the present work several 
dozen adults were collected in the field during May, and by August several 
thousand larvae were available. The insects were maintained in field cages and 
insectaries during the summer and were transferred to the greenhouse during the 
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latter part of August. In December, after the third generation in the green- 
house, the pupae entered a resting stage despite the regulated temperature of 
75° to 80° F. They remained dormant for about a month and then emerged as 
healthy adults. The-successive generations from these adults developed at the 
normal rate, suggesting that a resting stage is necessary at the end of a certain 
number of generations at high temperatures regardless of the season of the year. 
For this reason it is recommended that field collections be made once a week at 
the start in order that larvae may be available at all times and the dormant 
period be more or less covered over by the mixed generations. 


Diamond—back Moth 


The diamond—back caterpillar is a very important pest on cabbage and 
other cole crops and is not at all difficult to rear. The larvae develop nicely 
in ordinary glass battery jars of the 4-quart size, and these may be kept any-— 
where about the laboratory without regard to sunlight. For steady development 
of the stock, they should be kept at a fairly constant temperature of about 75° 
or 80° F. 


Figure 2 is a sketch of a method of rearing used satisfactorily at San- 
ford, Fla. Young potted cabbage plants are necessary, as for the previous 
species, and these should be grown with the idea of having a constant supply of 
young plants on hand at all times. When 5 or 6 inches tall, the potted plant is 
placed in an oviposition cage containing the adult moths. This cage is a cubic 
foot in its dimensions and is covered with 16-mesh wire screen excepting for the 
top, which is covered with cheesecloth to diffuse the light. A door sufficient- 
ly large to admit a potted plant should be made in the side. The cage is placed 
in an open greenhouse with the sunlight falling directly upon it, but whether 
this is necessary was never definitely determined. The adults are not active 
during the brighter hours of the day and it may be that sunlight is superfluous 
for their normal activity. Whether there is any necessity for flowering plants 
as food for the adults was never determined, as no adult moths were ever observed 
to feed on those placed in the cage. 


The eggs are very small, flat discs and are most often laid on the stem 
portions of the plant rather than on the leaves, although they are often found 
on the latter. The plants should be changed daily and those bearing eggs should be 
placed in battery jars with muslin covers held down by rubber bands. If the 
larvae are allowed to hatch before the plant is placed in a jar, many of them 
will be lost by dropping from the plant by a spun thread. Just why the larvae 
do this is uncertain, but it may be because of unnatural crowding. At any rate, 
placing the potted plant in a battery jar seems to increase the number of larvae 
developing from the stock of eggs. The muslin cap is necessary on the battery 
jar because the small size of the larvae enables them to crawl through fabrics 
of coarser mesh such as ordinary cheesecloth. 


After hatching, the larvae feed on the leaves of the cabbage plant, many 
of them burrowing into the tissues of the leaves and thus disappearing from 
Sight. When they have skeletonized the potted plant, it is cut at the surface 
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of the ground and the pot removed, leaving the cut plant lying on the bottom of 
the jar. Fresh cabbage leaves are then introduced in the jar as needed. When 
the larvae have become full grown they pupate in fine silken nets attached to 
the cabbage leaves. The jars should now be gone over daily and all pupae re- 
moved with a pair of forceps and placed on a false screen bottom inserted in 
an ordinary battery jar. This screen separates the pupae from the bottom of 
the glass jar and consequently from any condensation or other water that may 
find its way into the jar. As the adults emerge they may be collected in any 
manner convenient to the operator. This may be accomplished by the use of an 
inverted funnel which is placed over the top of the battery jar and through 
which the adult moths pass into a small bottle and thus are taken to the ovi- 
position cage. 


At temperatures of 75° to 80° F. a generation will develop in about a 
month. This species was never reared for more than 6 months at a time and 
consequently it is not known if successive generations can be raised without 
the intermission of a resting period. However, if a resting stage occurs it 
can be taken care of by staggering the generations, as in the case of .the cab— 
bage worm. There is no reason to think that this species could not be reared in 
a greenhouse by the same methods and equipment employed for the cabbage worn. 


Southern Armyworm 


The southern armyworm can be reared in any laboratory without elaborate 
equipment or technical assistance. It is very resistant to disease and with 
ordinary care can be raised in large numbers. The insect does well at ordinary 
room temperatures, especially between 70° and 80° F. The larvae are voracious 
feeders and can be reared on the leaves of celery, turnip, cabbage, sweetpotato, 
and a number of other truck crops. 


A laboratory method of rearing the armyworm is shown graphically in 
figure 3. From a dozen to two dozen moths are placed in an ordinary glass 
battery jar with a cheesecloth cover. Within the jar is also a potted celery 
plant or merely cut leaflets placed in a flask of water, A young collard or 
cabbage plant could probably also be used in place of the celery, although 
celery offers more chance of concealment for the adults during the daylight 
hours when they are normally not active. The moths begin their activity at 
twilight, mating and ovipositing readily within the small jar. The eggs. are 
deposited largely on the potted celery plant but may also be deposited on the 
cheesecloth cover or on the sides of the glass jar. They are light green in 
color, deposited in masses, and covered with a thin layer of cotton-like down. 
When oviposition begins, the moths should be transferred daily to a new jar 
containing a fresh plant. Since the moths are not active in the daylight, this 
can be done readily by lifting the moths by a leg or wing with a pair of for- 
ceps. By holding the egg-bearing plant over the fresh jar, many of the moths 
can be gently knocked off to the new plant. The new jar is covered with cheese— - 
cloth and set aside for another day while the old jar is set aside for hatching © 
of the eggs. In a little less than a week at 75° the larvae hatch and very 
shortly consume the plant. Often up to several thousand larvae will be found 
in a single jar and in such cases they should be thinned out into other jars. 
New foliage should be placed in the jars as it is consumed by the larvae. When 
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the larvae have become half grown they should be changed occasionally to a clean 
jar. When some of the larvae have entered the last instar they should be changed 
to a jar containing from 14 to 2 inches of moist sand. The leaves are placed 
on the sand, and as the larvae finish feeding they burrow down into the sand to 
pupate. When all the larvae have pupated the debris is cleaned from the jar, 
and after a period of 3 or 4 days the sand is dumped from the jar and pupae 
are recovered. These are laid on the surface of a layer of moist sand in anoth— 
er jar and set aside for emergence. 


A complete generation of this insect develops in about a month at 70° 
to 80°. A resting stage does not seem to be necessary for this species as it 
was in the case of the cabbage worm. The battery-jar method of handling the 
larvae is probably not the best one. Some such arrangement as was used for the 
cabbage worm might give better results and require less labor. 


Greenhouse Leaf Tier 


The greenhouse leaf tier is much more susceptible to disease than is the 
armyworm, but with a reasonable amount of care it can be raised in large 
numbers. A temperature of 70° to 75° F. is probably best for the leaf tier. 
Generations will occur about once a month at this temperature, and there is no 
apparent rest period as in the case of the cabbage worn. 


In rearing the species the same method was used as for the diamond— 
back moth. Therefore, figure 2 will also illustrate the necessary procedure 
for the leaf tier. In this case, however, small potted celery plants were used 
rather than cabbage, and celery leaflets were fed the larger larvae instead of 
cabbage or turnip. The larvae, pupae, and adults were handled in exactly the 
same way for both species. 


It is possible that the leaf tier can be reared almost free of disease 
providing some such method is used as is described for the cabbage worm. The 
elimination of battery jars and substitution of a wire-screen cage for the lar- 
vae is a step in the right direction for any insect that is suceptible to disease. 
The free circulation of air and lower humidity discourages the spread of the 
disease. It should be pointed out, however, that the battery-—jar method is 
almost indispensable where work is being done that requires several thousand 
larvae of known age at one time. What should be done in this case is to place 
some of the plants bearing eggs in battery jars to be used later for testing 
purposes and keep the rearing stock in an open cage where healthier conditions 
prevail. In general, leaf tier larvae are not greatly affected by disease until 
the last instar, and this difficulty may be overcome by using younger larvae 
for experimental purposes. 


List of Illustrations 
Figure 1.--Laboratory method of rearing the imported cabbage worm. 


Figure 2.-—-Laboratory method of rearing the diamond—back moth and the green- 
house leaf tier. 


“Figure 3.—-Laboratory method of rearing the southern armyworn. 





0. se lebLibory 68. U20eN risites oo. etoceepatvasd etaie 
2 Setdt inet eile “Wwe 7 Mem! ‘act ed? eet 

























aint? bioote yo oworg ied eaege dim 
s7 c/o evel PrvIst Gar oe 
ia edjqui & of ¢i gomieprias 
Pony . co? anveosh eth) es bos , 
joe ved caviak-etihdlieg 
a6 weoh #i. tyise of ose & s0e%-26 bam 
: . vt? so bial we esent eam 
shyeytens 1@) sbhbiee® 

’ \ 

‘ n yah 7, ’ Do Mil steten ere 
AG ) t90b exalt singe 
f tc % sgnddan $f% Te ORB” | | 
it’ $ oft jon vided 


4 


; a mat: te'ded avian’ 


C 
I T ‘Last sdneea) 
it SP eery Vest sagom 
‘ A Thx ating é encaves “saga 
: } ; . 2 (3 * “ oTutrreqigg 


Jay | ode antao LE 


3 1o Gea wi) 12 Bh DODISG: 0% 


esiosae Afod 


ele.) 3 { inai eds Jet siebeaae 

, ee ovjee 8isye 

ats verted 

0) 2 : “i vaearids ‘’ Higit apa 
greg Siinoneihews | weouts Yo mmideds 
fied te wad rt ‘ed bietds 

che i astel’ wi *; diow oretw e¢enanegs 
ni eaob sp 6 £09 oo an my eg6 


- 
i 
— 
- 


- 


oe ‘ 


i Dooly he. vit eeTs I il g2if eo! ae 
Wh { ‘ : ey aE » 4 pa. yy ay ie ° oe baa ‘ we 
a Par 


’ 
** 
' 


~~ 
an) 
ton 
a 
3 
Pe] 
Pd 
= 
2 
a 


Berto Lie 


re NP OR: a 


<a1o7yeNTA Misdiccoe ond geliaes G6 Sos ame yn 
w 


“tL 3yYndI 4 


*s#Ze Jo Suryoqyey 
IOS eptTse yes 
‘AT Yep peaouwes 
‘aseqqeo pe44og 





"eased FO GO} ye UseI0S 

@iTm UO ayeGnd Ua, pUe UOT? [T4UM squUeTd eSreT WO peas ovareT 
‘eased SUTI@ed UT 4YUeTa a#eqqed ase, FO 404 UO PTeT puw pUNOI? JO 
eoeVjins ye yNO ST 4I pezTUoYsTeNs ATAvaU st aveqqed Zunod ust} 


*SQUeTQ SUBYUET BSUTIOMOTS usa9Mqeq peodetTa 
eseqqed paygod Sunos uo ytsodtao 04 32ed 
UeetOS—s.TM UT peoetd ere sy[npe ‘eouedieue up 





30. bie : henete Re a tubs ‘ = rn 
 “ergatidag beiten garry a tladatvo ef wae 
-ealo sesiaal peitewoll aseezed Seegn 





cess eed 





ee 
it 
ti 
; 
| 


' 





; 7 are) 


*3g0UuesIeMa 

qteme 04 Tel Jeyyoue ut 4210ddns 
uestOS—91TM uo pedetd pues set 
supqeetl WOLF paaotior are aedng 


*ATessadeu 

S@ peppy saaevelt yseirz 
‘ref Jo wo440q uo paeoetd 
pue [fos fo sovjums 4e 
qno St JUeTA paztuogeTays 





*saze 

Fo Zutyoyey ros ze ArE4xEq 
PeTISAOD-UTTSM UT psodvtd pue 
AULTeP peaotler aSeqqed pey40g 


°e SYNOD! 4 


*azeqqed pe4yod 
aunof£ uo UuoTzTsodtao aol ezeo 
UseIOS-91ITM UT pedvtd ere sy mpy 











qlish beenest egaddas bedici 
Desewcs~-al lave at Seoalg Bra 
to s0isotad 95Y tal, Tretdec 

or 





_ 


Si ab Irate Secioess ) ae | | ae 
—- ~. 


ba Eted- 1c Bota tf ~~ i] 
a i] } 
‘ey 5 mbirod ao. 4555 ee) ™ 
i - ad ~ : 
. . = 
ee S=EDa ceegea® dsr al nS 
; ee RRS 
» © ee bad ; 
‘- ee | 4 
| weit5e= 1 i aa 
| * zag i: 
eA : 





*reC UT pedeta 
ST Divs YSTOW UMoI? 
qnooge efe aeare, wayy 





*tel WoTZ pPaAow 
-91I ST STidep Due DUS 
ZSTOW UT a4vanc aeATeT 





*PaONDOLIYUT SdABOT 
ysetzy puv peAoueI Sst yor 
‘vazTuoysToYs ST qUeTA UST 


*zeC dJauqoue ut 
puvs 4stou Jo sdejams uo 
peozTc pue sfkep © 194Fe 


puzs wort peAocuiel seung 


9 


*reC nou 

03 AT Teo 
paetseafsuely 
S}TQDV 





*seza Jo Sutuoyzeu 
IOJ aptse yos ref pue 
4UeTg -Peaoctier syIMpy 


°€ 3yNdI 4 


*UOTZISOGCTAO IOF PUSTA 
£1aTeo paqgyo wqtea rel 
£19938q UL DedeT[U siz 
syjou ‘aouefreue 1a4r 








